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Abstract 
Background: Chronic heart failure (HF) is a relevant and growing public health problem. Although 
the prognosis has recently improved, it remains a lethal disease, with a mortality that equals or 
exceeds that of many malignancies. Furthermore, chronic HF is costly, representing a large and 
growing drain on healthcare resources. Methods: This narrative review is based on the material 
searched for and obtained via PubMed up to May 2017. The search terms we used were: “heart 
failure, echocardiography, natriuretic peptides” in combination with “treatment, biomarkers, 
guidelines”. Results: Particularly, hospitalization contributes to the greatest proportion of 
expenditure. Recent studies have supported the value of natriuretic peptides (NPs) and Doppler 
echocardiographic biomarkers of increased left ventricular (LV) filling pressures or pulmonary 
congestion as tools to scrutinize patients with impending clinically overt HF. Therefore, combination 
of pulsed-wave tissue and blood-flow Doppler with NPs appears valuable in guiding HF management 
in the outpatient setting. In as much as both the echo and the plasma levels of NPs may reflect the 
presence of fluid overload and elevations of LV filling pressures, integrating NP and 
echocardiographic biomarkers with clinical findings may help the cardiologist to identify high-risk 
patients, i.e. to recognize whether a patient is stable or the condition is likely to evolve into 
decompensated HF, to optimize treatment, to improve the prognosis and to reduce re-hospitalization. 
Conclusion: we discussed the rationale and the clinical significance of combining follow-up echo 
and NP assessment to guide management of ambulatory patients with chronic HF. 
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Chronic heart failure (HF) is the common clinical expression of many diseases of the heart 
and is a significant and growing public health problem in both general practice and hospital 
settings, with high prevalence associated with high morbidity and mortality [1].  
HF is reaching epidemic proportions, with millions of affected patients both in Europe and in the 
United States [2-4]. The prevalence of chronic HF is difficult to ascertain with accuracy. The overall 
prevalence in industrialized countries has been estimated at approximately 1-2% of the adult 
population, and this increases with age, affecting as many as 10 of every 1000 individuals aged 65 
years and over [5, 6]. Today, the number of patients with HF in Italy is estimated to be around 
600,000 [7, 8]. It is has been foreseen that the impact of this disorder will double in the next decade. 
This epidemic growth of HF is mainly due to the aging of the population and improvements in 
outcome after myocardial infarction. 
Four to seven percent of HF patients do not survive the acute episode, while 20% die within a year 
and 50% die within five years [9, 10]. As far as the outcome of stable ambulatory HF patients is 
concerned, the most recent European data (ESC-HF pilot study) revealed that the 12-month all-cause 
mortality rate was 7% and the 12-month hospitalization rate was 32% [11]. As might be expected, HF 
carries a heavy economic burden [3]. Most costs concern hospitalizations (70%), while outpatient 
visits, including echocardiographic exams, drug prescriptions and blood tests, make up a smaller 
proportion of the healthcare budget. 
Against this background, attempts should be made to reduce hospitalization, and thus costs. In Italy, 
the healthcare system provides free hospital care for acutely ill patients. In addition, patients with 
chronic HF are exempt from charges for elective investigations following discharge. Nevertheless, 
the rate of hospital admission is still high and new strategies for reducing hospitalizations and 
improving the prognosis need to be implemented [12, 13]. 
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The prevention of precipitating factors, the management of co-morbidities and the early identification 
of predisposing factors constitute a real challenge for the cardiologist. More than 90% of cases of 
worsening HF result from fluid overload and elevations of left ventricular (LV) filling pressures [14], 
which are very often accompanied by the increased synthesis and secretion of natriuretic peptides 
(NPs) [15]. 
Neither the physical signs nor the symptoms are specific to the state of HF [16]. However, greater 
access to echocardiography and NP testing has yielded not only improved diagnostic assessment but 
also objective serial evaluation of the progression of HF, which may be crucial to guiding patient 
management. 
Thus, the measurement of circulating levels of NPs, i.e., B-type natriuretic peptide (BNP) or N-
terminal pro-B-type natriuretic peptide (NT-proBNP), in combination with the acquisition of 
hemodynamic information by means of echo can be a valuable aid to identifying signs of impending 
decompensation. This task may be successfully carried out, especially if the cardiologist has a specific 
competence in HF diagnosis and management and has an echocardiographic background.  
This narrative review was based on the material searched for and obtained via PubMed up to May 
2017. The searched terms in the database were: “heart failure, echocardiography, natriuretic peptides” 
in combination with “treatment, biomarkers, guidelines”. 
 
Basics of the biomarker-guided approach 
Biomarkers are defined as characteristics that are objectively measured and evaluated as indicators of 
normal or abnormal biological function or a pharmacological response to therapy. In many disease 
states, drug selection and dosage are strictly dependent on biomarkers. Classic experience with 
diabetes has taught physicians to monitor blood glucose and to adjust the dosage of hypoglycemic 
agents to blood levels. The idea of transferring a similar approach to HF seems attractive. 
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The use of NP levels to guide HF therapy has been studied extensively in the last decade. The 
rationale for the biomarker-guided management of patients with chronic HF is to prevent disease 
progression, optimize treatments and improve quality of life and prognosis. Elevated BNP (above 
approximately 125 pg/mL) or NT-proBNP (above approximately 1000 pg/mL) values are 
prognostically meaningful in chronic HF, and a rising pattern is predictive of impending adverse 
outcome, irrespective of other subjective and objective prognostic metrics [17, 18]. The results of 
several studies support the use of serial NP testing to monitor the response to therapy and improve 
outcome in patients with chronic HF and reduced EF [18, 19]. However, not all studies in which 
therapy has been guided by NPs have shown superiority over the standard strategy [20-22]. In fact, 
NP, which is commonly helpful for risk stratification, risks to be less useful to monitor treatment. 
Probably, clinical examination to verify cardiac status (i.e. decompensation) is critical and has to be 
combined with NP for a better risk stratification.  
An important limitation of all these prospective trials was that fixed cut-points for NPs were 
established a priori, independently from patients’ characteristics (e.g., age, LV EF, LV filling 
pressures, renal function etc.) and concomitant diseases affecting the right ventricular strain (i.e. 
pulmonary hypertension or chronic thromboembolism). Since the clinical stability of individual 
patients may be expressed by different NP values, attempting to lower NP levels below a fixed 
threshold may be impracticable or even counterproductive. It is, therefore, important to individualize 
NP targets by means of so-called “dry” NP levels [23], which can be defined as the NP value that 
corresponds to clinical stability with no signs of fluid overload. Reaching a low BNP, bringing the 
patient as close as possible to his “dry” level, can reduce the rate of both events and re-
hospitalizations. Relative changes of 40% in BNP values and of 25% in NT-proBNP values have 
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While the term biomarker is commonly used in association with measurements of circulating 
substances, hemodynamic parameters may also be referred to as biomarkers. It has become apparent 
that symptoms and prognosis in HF patients are closely related to LV filling pressures and their 
changes after optimized tailored therapy. Specifically, it has been recognized that pulmonary 
capillary wedge pressure (PCWP) is the ideal candidate to reflect the hemodynamic goal [25]. The 
prognostic importance of reducing PCWP in response to therapy was first demonstrated in 1990 by 
Stevenson et al. [26]. Moreover, NPs play a key compensatory role in chronic HF, counterbalancing 
overstimulation of the renin-angiotensin system and sympathetic nervous system, which contributes 
to the progression of the disease. These are the reasons why NP circulating levels and echo 
assessment of PCWP are considered worthwhile targets of therapy in HF. 
 
The potential role of echocardiographic biomarkers in heart failure 
Doppler echocardiography is the imaging method of choice; it is able to provide useful information 
for patient management, as it is capable of assessing LV size and function and filling pressures as 
well as right ventricular function. Although the role of Doppler echocardiography in cardiac 
diagnoses, risk stratification and clinical decision-making has long been established [27], most 
cardiologists have been sceptical as to the use of echocardiography to noninvasively monitor 
hemodynamic parameters and structural ventricular abnormalities of patients with HF during follow-
up. This point of view is evident in the ACC/AHA Guidelines for Clinical Application of 
Echocardiography, which do not support the use of follow-up echo-Doppler to guide therapy in 
patients with HF unless clinical status changes [28]. 
In recent years, the idea that a change in clinical status was the only prerequisite to performing 
echocardiography during follow-up has been challenged. It has become apparent that most symptoms 
and signs of HF have little sensitivity with regard to the detection of elevated PCWP, despite good 
specificity [29]. The ADHERE registry data highlighted the limited reliability of clinician 
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interpretation, as evidenced by incomplete symptom relief, in many patients with HF after hospital 
discharge [14]. 
Patients with HF are at high risk of death, but perhaps equally burdensome is the high rate of 
readmission. With the introduction of more portable devices and focused cardiac ultrasound, a new 
window of opportunity has emerged for the more widespread use of echocardiography for serial 
evaluations of patients [30]. The value of repeated echocardiograms during follow-up visits has been 
supported by the ESC Guidelines on HF [31]. Echocardiographic assessment was recommended not 
only to assess cardiac structure and function, including LV diastolic function, but also to plan and 
monitor treatment and to obtain prognostic information. 
The term hemodynamic congestion has been used to indicate elevation of the filling pressures in HF 
patients without overt clinical congestion [32]. Often, hemodynamic congestion precedes clinical 
congestion by days or even weeks [33]; clinical congestion may therefore be seen as the “tip of the 
iceberg” of the hemodynamic derangements that precede the appearance of symptoms. Thus, the 
recognition and quantification of hemodynamic congestion are crucial steps in a thorough evaluation 
of HF patients in any clinical setting: failure to recognize subclinical elevation of PCWP puts 
outpatients with HF at high risk of decompensation and adverse outcome [34]. 
Echocardiography offers a unique opportunity to identify the presence of increased LV filling 
pressures (Table 1) [35], thus providing sensitive markers of hemodynamic congestion. In the 
absence of directly measured hemodynamic parameters, the echo-Doppler assessment of LV filling 
may be utilized to indirectly estimate the degree of LV filling pressures. Since the backward 
transmission of elevated mean left atrial and LV end-diastolic pressures is a prerequisite to 
cardiogenic pulmonary congestion, echo-derived assessment of filling pressures may be considered a 
surrogate marker of impending decompensation [36]. 
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A number of indices have been used to achieve accurate assessment of filling pressures including: 
LV pulsed-wave filling velocities (E/A ratio, E wave deceleration time), pulmonary venous flow 
(ratio of systolic wave velocity and diastolic wave velocity and the difference in duration between 
pulmonary venous flow and mitral flow at atrial contraction), tissue Doppler imaging and left atrial 
volume index (Table 1) [37, 38]. Particularly, an E wave deceleration time <150 ms has been found 
to be highly predictive of a PCWP >15 mmHg [39]. The restrictive transmitral flow pattern (reduced 
E wave deceleration time below 150 ms) has been shown to be an important predictor of cardiac 
morbidity and mortality in patients with systolic HF. Patients with HF and depressed EF who had a 
restrictive flow and who did not reverse this alteration after unloading therapy had the worse 
prognosis [39]. 
Pulmonary venous flow patterns have provided an additional contribution to the risk stratification of 
patients with HF [40]. More recently, Doppler tissue imaging - particularly the ratio of mitral to 
myocardial early velocities (E/e’) - has entered the clinical scenario, thus providing additional 
prognostic information. Studies that have evaluated E/e’ in order to monitor PCWP in an outpatient 
setting have demonstrated that a ratio of E/averaged myocardial early velocity (averaged E/e’) ≥13 
reliably reflects increased LV filling pressures [41]. Left atrial longitudinal strain derived from 
speckle tracking echocardiography is also sensitive in estimating intracavitary pressures. It is angle-
independent, thus overcomes Doppler limitations and provides highly reproducible measures of left 
atrial deformation [42]. 
Ultrasonography of the lungs is another promising technique in patients with HF, since it is 
potentially useful in assessing pulmonary congestion, i.e., increased pulmonary tissue water. It has 
been clearly demonstrated that B-lines (previously known as lung comets) evaluated by pulmonary 
ultrasound are significantly correlated with E/e’ and NT-proBNP levels, suggesting that assessing 
lung ultrasound at the bedside can be feasible and accurate in detecting decompensation [43]. Even 
though a number of studies have shown that lung ultrasound evaluation of pulmonary congestion is 
useful in the risk stratification of patients with chronic HF, the prognostic value of extravascular lung 
water in HF outpatients is less certain [44] . In addition, lung comets tend to appear late during the 
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course of the disease, and have low specificity in distinguishing between patients with pulmonary 
congestion and those with fibrosis [45]. Hence, since the appearance of B-lines is a late manifestation 
of signs and symptoms, it is more reasonable to rely on echocardiographic modalities to assess 
elevated LV filling pressures, which are a prerequisite to LV decompensation, rather than to depend 
on markers of increased pulmonary tissue water, which are obviously later findings [46]. 
 
Combining echo and natriuretic peptides during follow-up 
Over the years, it has become apparent that ambulatory patients who receive a regular follow-up have 
fewer exacerbations and readmissions and that a personalized and tailored management is a 
fundamental step to achieve a better quality of care and to improve the outcome [47]. Therefore, a 
number of strategies have recently been implemented to reach these targets [48]. 
Nowadays, new evidences have supported the concept that better management and optimization of 
evidence-based drug and device therapies can be achieved by combining echo and NPs in the follow-
up evaluation of HF patients [49]. This strategy may be proficiently combined with the standard 
components of the patient follow-up visit (Table 2). Indeed, NPs and Doppler echocardiography, 
when utilized serially in an integrative and personalized manner, can be valuable in monitoring 
patients who are high risk of clinical exacerbation, with a significant benefit for the outcome (Figure 
1) [50]. The complimentary use of these methodologies can balance their intrinsic limitations, with 
crucial benefits for the patient. The limitations of the NP-based approach (including biological 
variability, slow time-course, poor specificity and lack of conclusive scientific evidence) may be 
overcome by this strategy. By contrast, assessment of NP concentrations seems especially useful in 
patients in whom Doppler echocardiographic parameters are inconclusive in the determination of LV 
filling pressures. 
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Unfortunately, the assessment of HF patients by echo and NPs is not frequent, especially during the 
follow-up. Recent results from an Italian Registry show that in-patients with acute HF often undergo 
echo (91%), but measurement of NPs is not very common (30%) [9]. After hospital discharge, 
patients with HF are usually managed by general practitioners, and only a minority are followed up 
by a cardiologist. Nonetheless, quite a few patients with chronic HF undergo echo and NP peptide 
assessment after hospital discharge [9]. To offset these limitations, potentially effective strategy to 
prevent HF readmissions should be implemented by integrating NPs and echo. 
The value of integrated NPs and echo-guided management of outpatients with chronic HF can be 
established when this strategy will be prospectively compared with the standard of care [51]. In a 
recent retrospective study, we observed a greater survival benefit in patients in the echo- and BNP-
guided group than in a clinically-guided group [52] (Figure 2). This finding was associated with a 
better management of renal function (Table 3). Patients whose follow-up was based on standard of 
care had a significantly higher prevalence of worsening renal function, which was likely related to 
higher diuretic dosages (Table 3). The outcome was better in terms of the combined endpoint of 
death or worsening renal function. A plausible reason behind these observations is that the early 
recognition of the euvolemic state, i.e., normal tissue water content, by means of the echo- and BNP-
guided strategy, helps to prevent excessive dosing of loop diuretics, which may predispose patients to 
renal dysfunction [53]. We can, therefore, assume that clinical findings are of limited value in 
assessing diuretic requirements during follow-up, whereas the echo- and BNP-driven approach is 
important in order to overcome this limitation and to optimize HF treatment, including the loop 
diuretic regimen. Since renal dysfunction is known to be one of the most predictive markers of 
adverse outcomes in chronic HF, guiding HF care by means of echo and NPs, such as BNP, seems 
valuable in order to reduce the patient's risk [54, 55]. Moreover, differently from patients whose 
management was based on echo and BNP, prescriptions of ACE inhibitors significantly decreased in 
the clinically-guided group and these patients were less likely to be treated with cardiac 
resynchronization therapy (Table 4) [52]. The latter findings likely indicate that the combination of 
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echo with NPs may effectively contribute to the ooptimization of guideline adherence for both 
pharmacological and device therapies [55]. 
 
Future perspectives 
In recent years, it has become apparent that a single parameter is, for prognosis, weaker than 
the effect of different parameters combined. Indeed, several combination of variables and 
several HF score have been proposed [57]. Particularly, a number of echocardiographic 
parameters may be utilized to built up an echocardiographic risk score that can be used to risk 
stratify HF patients and to guide management in an outpatient setting. In a large series of 
patients with stable systolic HF, we recently identified five independent predictors of 
mortality (LV end-systolic volume index, left atrial volume index, E wave deceleration time, 
pulmonary artery systolic pressure, and tricuspid plane systolic excursion) among 14 initial 
candidate echocardiographic variables. These independent echocardiographic predictors were 
used to derive the Echo Heart Failure Score (EHFS) [58]. In the subsequent follow-up, 
mortality rate (per 100 patients/year) significantly increased with EHFS (ranging from 0 to 
5), with an almost four-fold increased risk of mortality in those patients with EHFS of at least 
three [58]. These findings suggest that EHFS may offer promising applications for clinical 
use, since it is based on variables that can easily be measured at the outpatient clinic or echo 
lab and may be useful for serial follow-up evaluations and to monitor the effect of unloading 
therapy on each single parameter constituting the score, with obvious implications for 
prognosis. 
Another prospective development is to integrate measures of NPs and echo markers of increased LV 
filling pressures with parameters that indicate low cardiac output or depressed stroke volume. 
Nowadays, Doppler echocardiography can provide reliable and repeatable measures of cardiac output 
and stroke volume, which can be estimated across any cardiac orifice, such as the LV outflow tract, 
This article is protected by copyright. All rights reserved. 
where cross-sectional area and the velocity time integral of blood flow can be measured [59]. 
Integration of estimates of LV filling pressures and the determination of NP circulating levels through 
measures of LV pumping capacity can be used to design a diagnostic diagram that can be proficiently 
employed to distinguish between stable patients and those who are decompensated or at high risk of 
decompensation (Figure 3). Like the Forrester hemodynamic categorization [60], this method can 
provide information that reflects the patient’s fluid status and tissue perfusion by dividing patient into 
four subsets: A) well-perfused without congestion, B) low-perfused without congestion, C) well-
perfused and congested, D) hypoperfused and congested. Differently from similar noninvasive 
algorithms that are applicable only in the acute setting, this strategy can also be used in ambulatory 
patients since it does not necessitate the presence of symptoms of decompensation [61]. The 
significance of this approach is that it facilitates the early recognition of high-risk patients (B, C and 
D), on the basis of changes in NP levels from “dry” to “wet” and modifications of echo-Doppler 
variables, which reflect the evolution toward congestion or low perfusion, in order to modulate 
treatment to prevent exacerbations and further hospitalizations. The inclusion of patients in subsets A, 
B, C, or D may be used not only to better interpret the patient's status but also for prognostic 
stratification. Our preliminary results show that when high-risk patients do not revert to a lower risk 
profile on therapy, the event-rate tends to increase substantially. 
 
Conclusions 
Despite the great number of candidate biomarkers currently proposed for HF management, only NPs 
are recommended by the international Guidelines for the diagnosis and risk stratification of patients 
with HF. Compared with other imaging techniques (nuclear perfusion imaging, cardiac computed 
tomography, or cardiac magnetic resonance imaging), echocardiography is less expensive, requires 
less space, and needs no costly radioisotopes. Moreover, it is widely available and efficient, as it 
requires no image processing and results are immediately available. The combination of NPs and 
echo-Doppler seems to bear many of the features of an “ideal biomarker”, as they are easily available 
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and economical and may provide additional information that may modify clinical practice 
beneficially and cost-effectively. The combined assessment of NPs and echocardiographic 
parameters may help the cardiologist to identify high-risk patients, i.e. to identity whether a patient is 
stable or the condition is likely to evolve into decompensated HF. Therefore, the integration of 
clinical evaluation, NP testing, and echocardiography may optimize treatment of the individual 
patient, thus reducing the burden of new hospitalizations, preventing renal failure, and improving 
quality of life and prognosis. 
 
References 
1. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 2016 ESC 
Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force 
for the diagnosis and treatment of acute and chronic heart failure of the European Society of 
Cardiology (ESC)Developed with the special contribution of the Heart Failure Association 
(HFA) of the ESC. Eur Heart J 2016;37:2129-200.  
2. Writing Group Members, Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, 
Cushman M, et al.; American Heart Association Statistics Committee; Stroke Statistics 
Subcommittee. (2016). Executive Summary: Heart Disease and Stroke Statistics--2016 
Update: A Report From the American Heart Association. Circulation 2016;133:447-54. 
3. Maggioni AP, Dahlström U, Filippatos G, Chioncel O, Crespo Leiro M, Drozdz J, et al.; 
Heart Failure Association of the European Society of Cardiology (HFA). EURObservational 
Research Programme: regional differences and 1-year follow-up results of the Heart Failure 
Pilot Survey (ESC-HF Pilot). Eur J Heart Fail 2013;15:808-17.  
4. Allen LA, Magid DJ, Gurwitz JH, Smith DH, Goldberg RJ, Saczynski J, et al. Risk factors for 
adverse outcomes by left ventricular ejection fraction in a contemporary heart failure 
population. Circ Heart Fail 2013;6:635-46.  
This article is protected by copyright. All rights reserved. 
5. Stewart S, MacIntyre K, Hole DJ, Capewell S, McMurray JJ. More 'malignant' than cancer? 
Five-year survival following a first admission for heart failure. Eur J Heart Fail 2001;3:315-
22. 
6. Gerber Y, Weston SA, Redfield MM, Chamberlain AM, Manemann SM, Jiang R, et al. A 
contemporary appraisal of the heart failure epidemic in Olmsted County, Minnesota, 2000 to 
2010. JAMA Intern Med 2015;175:996-1004.  
7. Ross JS, Chen J, Lin Z, Bueno H, Curtis JP, Keenan PS, et al. Recent national trends in 
readmission rates after heart failure hospitalization. Circ Heart Fail 2010;3:97-103.  
8. Oliva F, Mortara A, Cacciatore G, Chinaglia A, Di Lenarda A, Gorini M, et al.; IN-HF 
Outcome Investigators. Acute heart failure patient profiles, management and in-hospital 
outcome: results of the Italian Registry on Heart Failure Outcome. Eur J Heart Fail 
2012;14:1208-17.  
9. Tavazzi L, Senni M, Metra M, Gorini M, Cacciatore G, Chinaglia A, et al.; IN-HF (Italian 
Network on Heart Failure) Outcome Investigators. Multicenter prospective observational 
study on acute and chronic heart failure: one-year follow-up results of IN-HF (Italian 
Network on Heart Failure) outcome registry. Circ Heart Fail 2013;6:473-81.  
10. Stewart S, Ekman I, Ekman T, Odén A, Rosengren A. Population impact of heart failure and 
the most common forms of cancer: a study of 1 162 309 hospital cases in Sweden (1988 to 
2004). Circ Cardiovasc Qual Outcomes 2010;3:573-80.  
11. Roger VL, Weston SA, Redfield MM, Hellermann-Homan JP, Killian J, Yawn BP, et al. 
Trends in heart failure incidence and survival in a community-based population. JAMA 
2004;292:344-50. 
12. Stewart S, Jenkins A, Buchan S, McGuire A, Capewell S, McMurray JJ. The current cost of 
heart failure to the National Health Service in the UK. Eur J Heart Fail 2002;4:361-71.  
This article is protected by copyright. All rights reserved. 
13. Maggioni AP, Orso F, Calabria S, Rossi E, Cinconze E, Baldasseroni S, et al.; ARNO 
Observatory. The real-world evidence of heart failure: findings from 41 413 patients of the 
ARNO database. Eur J Heart Fail 2016;18:402-10. 
14. Adams KF Jr, Fonarow GC, Emerman CL, LeJemtel TH, Costanzo MR, Abraham WT, 
Berkowitz RL, Galvao M, Horton DP; ADHERE Scientific Advisory Committee and 
Investigators. Characteristics and outcomes of patients hospitalized for heart failure in the 
United States: rationale, design, and preliminary observations from the first 100,000 cases in 
the Acute Decompensated Heart Failure National Registry (ADHERE). Am Heart J 
2005;149:209-16.  
15. Metra M, Dei Cas L, Bristow MR. The pathophysiology of acute heart failure--it is a lot about 
fluid accumulation. Am Heart J 2008;155:1-5.  
16. Stevenson LW, Perloff JK. The limited reliability of physical signs for estimating 
hemodynamics in chronic heart failure. JAMA 1989;261:884-8.  
17. Masson S, Latini R, Anand IS, Barlera S, Angelici L, Vago T, et al.; Val-HeFT Investigators. 
Prognostic value of changes in N-terminal pro-brain natriuretic peptide in Val-HeFT 
(Valsartan Heart Failure Trial). J Am Coll Cardiol 2008;52:997-1003.  
18. Januzzi JL Jr, Rehman SU, Mohammed AA, Bhardwaj A, Barajas L, Barajas J, et al. Use of 
amino-terminal pro-B-type natriuretic peptide to guide outpatient therapy of patients with 
chronic left ventricular systolic dysfunction. J Am Coll Cardiol 2011;58:1881-9. 
19. Jourdain P, Jondeau G, Funck F, Gueffet P, Le Helloco A, Donal E, et al. Plasma brain 
natriuretic peptide-guided therapy to improve outcome in heart failure: the STARS-BNP 
Multicenter Study. J Am Coll Cardiol 2007;49:1733-9.  
20. Eurlings LW, van Pol PE, Kok WE, van Wijk S, Lodewijks-van der Bolt C, Balk AH, et al. 
Management of chronic heart failure guided by individual N-terminal pro-B-type natriuretic 
peptide targets: results of the PRIMA (Can PRo-brain-natriuretic peptide guided therapy of 
This article is protected by copyright. All rights reserved. 
chronic heart failure IMprove heart fAilure morbidity and mortality?) study. J Am Coll 
Cardiol 2010;56:2090-100.   
21. Pfisterer M, Buser P, Rickli H, Gutmann M, Erne P, Rickenbacher P, et al.; TIME-CHF 
Investigators. BNP-guided vs symptom-guided heart failure therapy: the Trial of Intensified 
vs Standard Medical Therapy in Elderly Patients With Congestive Heart Failure (TIME-CHF) 
randomized trial. JAMA 2009;301:383-92.  
22. Lainchbury JG, Troughton RW, Strangman KM, Frampton CM, Pilbrow A, Yandle TG, et al. 
N-terminal pro-B-type natriuretic peptide-guided treatment for chronic heart failure: results 
from the BATTLESCARRED (NT-proBNP-Assisted Treatment To Lessen Serial Cardiac 
Readmissions and Death) trial. J Am Coll Cardiol 2009;55:53-60.  
23. Maisel A, Mueller C, Adams K Jr, Anker SD, Aspromonte N, Cleland JG, et al. State of the 
art: using natriuretic peptide levels in clinical practice. Eur J Heart Fail 2008;10:824-39.  
24. Januzzi JL, Troughton R. Are serial BNP measurements useful in heart failure management? 
Serial natriuretic peptide measurements are useful in heart failure management. Circulation 
2013;127:500-7. 
25. Stevenson LW. Are hemodynamic goals viable in tailoring heart failure therapy? 
Hemodynamic goals are relevant. Circulation 2006;113:1020-7. 
26. Stevenson LW, Tillisch JH, Hamilton M, Luu M, Chelimsky-Fallick C, Moriguchi J, et al. 
Importance of hemodynamic response to therapy in predicting survival with ejection fraction 
less than or equal to 20% secondary to ischemic or nonischemic dilated cardiomyopathy. Am 
J Cardiol 1990;66:1348-54.  
27. Senni M, Rodeheffer RJ, Tribouilloy CM, Evans JM, Jacobsen SJ, Bailey KR, et al (1999). 
Use of echocardiography in the management of congestive heart failure in the community. J 
Am Coll Cardiol 1999;33:164-70.  
This article is protected by copyright. All rights reserved. 
28. Douglas PS, Khandheria B, Stainback RF, Weissman NJ, Brindis RG, Patel MR, et al.; 
American College of Cardiology Foundation Quality Strategic Directions Committee 
Appropriateness Criteria Working Group; American Society of Echocardiography; American 
College of Emergency Physicians; American Society of Nuclear Cardiology; Society for 
Cardiovascular Angiography and Interventions; Society of Cardiovascular Computed 
Tomography; Society for Cardiovascular Magnetic Resonance; American College of Chest 
Physicians; Society of Critical Care Medicine. ACCF/ASE/ACEP/ASNC/SCAI/SCCT/SCMR 
2007 appropriateness criteria for transthoracic and transesophageal echocardiography: a 
report of the American College of Cardiology Foundation Quality Strategic Directions 
Committee Appropriateness Criteria Working Group, American Society of 
Echocardiography, American College of Emergency Physicians, American Society of Nuclear 
Cardiology, Society for Cardiovascular Angiography and Interventions, Society of 
Cardiovascular Computed Tomography, and the Society for Cardiovascular Magnetic 
Resonance endorsed by the American College of Chest Physicians and the Society of Critical 
Care Medicine. J Am Coll Cardiol 2007;50:187-204.  
29. Maisel A, Hollander JE, Guss D, McCullough P, Nowak R, Green G, et al.; Rapid Emergency 
Department Heart Failure Outpatient Trial investigators. Primary results of the Rapid 
Emergency Department Heart Failure Outpatient Trial (REDHOT). A multicenter study of B-
type natriuretic peptide levels, emergency department decision making, and outcomes in 
patients presenting with shortness of breath. J Am Coll Cardiol 2004;44:1328-33.  
30. Spencer KT, Kimura BJ, Korcarz CE, Pellikka PA, Rahko PS, Siegel RJ. Focused cardiac 
ultrasound: recommendations from the American Society of Echocardiography. J Am Soc 
Echocardiogr 2013;26:567-81. 
31. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Böhm M, Dickstein K, et al.; Task 
Force for the Diagnosis and Treatment of Acute and Chronic Heart Failure 2012 of the 
European Society of Cardiology, Bax JJ, Baumgartner H, Ceconi C, Dean V, Deaton C, 
This article is protected by copyright. All rights reserved. 
Fagard R, et al.; ESC Committee for Practice Guidelines.  ESC guidelines for the diagnosis 
and treatment of acute and chronic heart failure 2012: The Task Force for the Diagnosis and 
Treatment of Acute and Chronic Heart Failure 2012 of the European Society of Cardiology. 
Developed in collaboration with the Heart Failure Association (HFA) of the ESC. Eur J Heart 
Fail 2012;14:803-69.  
32. Yu CM, Wang L, Chau E, Chan RH, Kong SL, Tang MO, et al. Intrathoracic impedance 
monitoring in patients with heart failure: correlation with fluid status and feasibility of early 
warning preceding hospitalization. Circulation 2005;112:841-8.  
33. Gheorghiade M, Follath F, Ponikowski P, Barsuk JH, Blair JE, Cleland JG, et al.; European 
Society of Cardiology; European Society of Intensive Care Medicine. Assessing and grading 
congestion in acute heart failure: a scientific statement from the acute heart failure committee 
of the heart failure association of the European Society of Cardiology and endorsed by the 
European Society of Intensive Care Medicine. Eur J Heart Fail 2010;12:423-33. 
34. Lucas C, Johnson W, Hamilton MA, Fonarow GC, Woo MA, Flavell CM, et al. Freedom 
from congestion predicts good survival despite previous class IV symptoms of heart failure. 
Am Heart J 2000;140:840-7.  
35. Lester SJ, Tajik AJ, Nishimura RA, Oh JK, Khandheria BK, Seward JB. Unlocking the 
mysteries of diastolic function: deciphering the Rosetta Stone 10 years later. J Am Coll 
Cardiol 2008;51:679-89.  
36. Nishimura RA, Tajik AJ. Evaluation of diastolic filling of left ventricle in health and disease: 
Doppler echocardiography is the clinician's Rosetta Stone. J Am Coll Cardiol 1997;30:8-18.  
37. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd, Dokainish H, Edvardsen T, et al. 
Recommendations for the Evaluation of Left Ventricular Diastolic Function by 
Echocardiography: An Update from the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging. J Am Soc Echocardiogr 2016;29:277-314.  
This article is protected by copyright. All rights reserved. 
38. Dini FL, Ballo P, Badano L, Barbier P, Chella P, Conti U, et al. Validation of an echo-
Doppler decision model to predict left ventricular filling pressure in patients with heart failure 
independently of ejection fraction. Eur J Echocardiogr 2010;11:703-10. 
39. Whalley GA, Doughty RN, Gamble GD, Wright SP, Walsh HJ, Muncaster SA, et al. 
Pseudonormal mitral filling pattern predicts hospital re-admission in patients with congestive 
heart failure. J Am Coll Cardiol 2002;39:1787-95.  
40. Dini FL, Michelassi C, Micheli G, Rovai D. Prognostic value of pulmonary venous flow 
Doppler signal in left ventricular dysfunction: contribution of the difference in duration of 
pulmonary venous and mitral flow at atrial contraction. J Am Coll Cardiol 2000;36:1295-302. 
41. Appleton CP. Evaluation of diastolic function by two-dimensional and Doppler assessment of 
left ventricular filling including pulmonary venous flow. In: Diastology (Klein AL, Garcia 
MJ, eds). Saunders Elsevier, Philadelphia, 2008: pp 115-144. 
42. Cameli M, Mandoli GE, Loiacono F, Dini FL, Henein M, Mondillo S. Left atrial strain: a new 
parameter for assessment of left ventricular filling pressure. Heart Fail Rev 2016;21:65-76.  
43. Picano E, Gargani L, Gheorghiade M. Why, when and how to assess pulmonary congestion in 
heart failure: pathophysiological, clinical, and methodological implications. Heart Fail Rev 
2010;15:63-72.  
44. Zhang Z, Lu B, Ni H. Prognostic value of extravascular lung water index in critically ill 
patients: a systematic review of the literature. J Crit Care 2012;27:420.e1-8. 
45. Gargani L, Doveri M, D'Errico L, Frassi F, Bazzichi ML, Delle Sedie A, et al. Ultrasound 
lung comets in systemic sclerosis: a chest sonography hallmark of pulmonary interstitial 
fibrosis. Rheumatology (Oxford) 2009;48:1382-7. 
46. Miglioranza MH, Gargani L, Sant'Anna RT, Rover MM, Martins VM, Mantovani A, et al. 
Lung ultrasound for the evaluation of pulmonary congestion in outpatients: a comparison with 
This article is protected by copyright. All rights reserved. 
clinical assessment, natriuretic peptides, and echocardiography. JACC Cardiovasc Imaging 
2013;6:1141-51. 
47. Hernandez AF, Greiner MA, Fonarow GC, Hammill BG, Heidenreich PA, Yancy CW, et al. 
Relationship between early physician follow-up and 30-day readmission among Medicare 
beneficiaries hospitalized for heart failure. JAMA 2010;303:1716-22.  
48. Gheorghiade M, Braunwald E. Hospitalizations for heart failure in the United States--a sign 
of hope. JAMA 2011;306:1705-6. 
49. Beck-da-Silva L, Rohde LE, Goldraich L, Clausell N. Clinical findings, natriuretic peptides, 
and echocardiography: integrating tools to optimize heart failure management. Congest Heart 
Fail 2007;13:158-63. 
50. Troughton RW, Richards AM. B-type natriuretic peptides and echocardiographic measures of 
cardiac structure and function. JACC Cardiovasc Imaging 2009;2:216-25.  
51. Dini FL, Rosa GM, Fontanive P, Santonato V, Napoli AM, Ciuti M, et al. Combining blood 
flow and tissue Doppler imaging with N-terminal pro-type B natriuretic peptide for risk 
stratification of clinically stable patients with systolic heart failure. Eur J Echocardiogr 
2010;11:333-40. 
52. Simioniuc A, Carluccio E, Ghio S, Rossi A, Biagioli P, Reboldi G, et al. Echo and natriuretic 
peptide guided therapy improves outcome and reduces worsening renal function in systolic 
heart failure: An observational study of 1137 outpatients. Int J Cardiol 2016;224:416-23.  
53. Harjai KJ, Dinshaw HK, Nunez E, Shah M, Thompson H, Turgut T, et al. The prognostic 
implications of outpatient diuretic dose in heart failure. Int J Cardiol 1999;71:219-25.  
54. Heywood JT, Fonarow GC, Yancy CW, Albert NM, Curtis AB, Stough WG, et al. Influence 
of renal function on the use of guideline-recommended therapies for patients with heart 
failure. Am J Cardiol 2010;105:1140-6.  
This article is protected by copyright. All rights reserved. 
55. Dini FL, Ghio S, Klersy C, Rossi A, Simioniuc A, Scelsi L, et al. Effects on survival of loop 
diuretic dosing in ambulatory patients with chronic heart failure using a propensity score 
analysis. Int J Clin Pract 2013;67:656-64.  
56. Poelzl G, Altenberger J, Pacher R, Ebner CH, Wieser M, Winter A, et al. Dose matters! 
Optimisation of guideline adherence is associated with lower mortality in stable patients with 
chronic heart failure. Int J Cardiol 2014;175:83-9.  
57. Mantegazza V, Badagliacca R, Nodari S, Parati G, Lombardi C, Di Somma S, et al.; 
“Insufficienza del cuore destro e sinistro group, a research group of the Italian Society of 
Cardiology. Management of heart failure in the new era: the role of scores. J Cardiovasc Med 
(Hagerstown) 2016;17:569-80.  
58. Carluccio E, Dini FL, Biagioli P, Lauciello R, Simioniuc A, Zuchi C, et al. The 'Echo Heart 
Failure Score': an echocardiographic risk prediction score of mortality in systolic heart failure. 
Eur J Heart Fail 2013;15:868-76.  
59. Lewis JF, Kuo LC, Nelson JG, Limacher MC, Quinones MA. Pulsed Doppler 
echocardiographic determination of stroke volume and cardiac output: clinical validation of 
two new methods using the apical window. Circulation 1984;70:425-31.  
60. Forrester JS, Diamond GA, Swan HJ. Correlative classification of clinical and hemodynamic 
function after acute myocardial infarction. Am J Cardiol 1977;39:137-45. 
61. Nohria A, Tsang SW, Fang JC, Lewis EF, Jarcho JA, Mudge GH, et al. Clinical assessment 
identifies hemodynamic profiles that predict outcomes in patients admitted with heart failure. 
J Am Coll Cardiol 2003;41:1797-804.  
 
This article is protected by copyright. All rights reserved. 
Figure legends 
Figure 1. Flowchart for therapeutic decision making in patients with chronic heart failure.  
 
Figure 2. 12-month all-cause mortality and 12-month survival of all-cause mortality plus worsening 
renal function of patients of the BNP and echo guided group vs patients of the clinically guided group. 
 
Figure 3. Assessment of hemodynamic stability by B-type natriuretic peptide and echo: A) well-
perfused without congestion, B) low-perfused without congestion, C) well-perfused and congested, 
D) hypoperfused and congested.  
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Table 1 – Echocardiographic and Doppler criteria to assess elevated left ventricular 
filling pressures. 
Major criteria of elevated left ventricular filling pressures 
Measurement Modality Variable 
Mitral velocities  Pulsed-wave blood flow 
Doppler 
E wave deceleration time 
<150 ms 
Mitral and annular velocities Pulsed-wave tissue and blood 
flow Doppler 
Ratio of mitral to myocardial 
early velocities (E/e’): medial 
>15, lateral ≥13, average ≥13 
Pulmonary vein flow Pulsed-wave blood flow 
Doppler 
Difference in duration 
between pulmonary venous 
flow and mitral flow at atrial 
contraction ≥30 ms 
Pulmonary vein flow Pulsed-wave blood flow 
Doppler 
Ratio of systolic wave 
velocity and diastolic wave 
velocity ≤40% 
Minor criteria of elevated left ventricular filling pressures 
Measurement Modality Variable 




Continuous-wave blood flow 
Doppler 
Estimated pulmonary artery 
diastolic pressure >13 mmHg 
Systolic tricuspid regurgitant 
velocity 
Continuous-wave blood flow 
Doppler 
Estimated pulmonary artery 
systolic pressure ≥40 mmHg 
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Table 2 – Major components to evaluate during outpatient visit. 
• Clinical, echographic and biochemical signs of fluid overload 
• Clinical and echocardiographic signs of low cardiac output or low perfusion 
• Comorbid conditions, including arrhythmias, hypertension, diabetes, chronic 
obstructive lung disease, anemia, and estimated glomerular filtration rate 
• Medication and diet compliance 
• Rehabilitation and exercise regimen 
• Patient’s education 
• Family and social support 
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Table 3 – Changes in diuretic dose (furosemide) between baseline and follow-up 
and the effects on renal function. 





Number of patients 570 567  






Furosemide dose at baseline 
(mg/day) 
25 (IQR:25-50) 21 (IQR:11-50) NS 
Furosemide dose at follow-up 
(mg/day) 
25 (IQR:13-75) 32 (IQR:11-82) NS 
Dose increased 26% (145) 53% (299) P<0.0001 
Dose unchanged 53% (303) 28% (159) P<0.0001 
Dose decreased 21% (122) 19% (109) NS 
≥ 0.3 mg/dL in serum creatinine 12% (70) 22% (127) P<0.0001 
Newly diagnosed renal dysfunction 
(eGFR <60 ml/1.73 m2) 
12% (70) 14% (82) NS 
Legend: BNP: B-type natriuretic peptide, eGFR: estimated glomerular filtration rate, IQR: 
interquartile range, NS: non-significant. 
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Table 4 – Changes in treatment during follow-up in the study groups. 





 Baseline Follow-up P-value Baseline Follow-up P-value 
Loop diuretics (%) 85 (481) 85 (481) NS 87 (496) 90 (512) NS 
Beta-blockers (%) 66 (375) 78 (443) <0.0001 82 (468) 84 (479) NS 
ACE inhibitors (%) 89 (502) 84 (479) NS 90 (511) 81 (461) <0.0001 
Aldosterone receptor-
Antagonists (%) 




6 (33) 25 (142) <0.0001 6 (35) 17 (95)* <0.0001 
Implantable cardioverter 
defibrillator (%) 
10 (56) 28 (159) <0.0001 8 (46) 19 (110) <0.0001 
Abbreviations as in Table 3 
* P<0.05 versus Echo-NPs-guided group; 
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